Targets consisting of 3,4He implanted into thin aluminum foils (approximately 100, 200 or 600 ug/cm^2) were prepared using intense (a few uA) helium beams at low energy (approximately 20, 40 or 100 keV). Uniformity of the implantation was achieved by a beam raster across a 12 mm diameter tantalum collimator at the rates of 0.1 Hz in the vertical direction and 1 Hz in the horizontal direction. Helium implantation into the very thin (approximately 80-100 ug/cm^2) aluminum foils failed to produce useful targets (with only approximately 10% of the helium retained) due to an under estimation of the range by the code SRIM. The range of low energy helium in aluminum predicted by Northcliffe and Shilling and the NIST online tabulation are observed on the other hand to over estimate the range of low energy helium ions in aluminum. An attempt to increase the amount of helium by implanting a second deeper layer was also carried out, but it did not significantly increase the helium content beyon... increase the amount of helium by implanting a second deeper layer was also carried out, but it did not significantly increase the helium content beyond the blistering limit ( 6 × 10 17 atoms/cm 2 ).
I. INTRODUCTION
Several key reactions of interest in nuclear physics and nuclear astrophysics involve light particles such as protons, deuterons, and alpha particles. The use of radioactive beams and inverse kinematics makes the availability of targets containing these elements necessary.
Previous experiments in the field have used a variety of cryogenic, solid, and gas targets.
One solution that has been used for hydrogen and deuterium is a thin polyethylene target.
This solution cannot be used for helium, however, and some published experiments have used gas cells for helium targets. A helium gas jet target that was used in a measurement of the 3 He(α, γ) 7 Be reaction [1] was found later to have significant non-uniformity and yield a cross section which is approximately 40% smaller than measured by the same group in a later experiment [2] . Another method that has shown promise is the implantation of helium into a thin metal foil (e.g., Al, Ni, Cu, Mo, Au). This has been used in a number of experiments, such as measurements of the 3 He(α, γ) 7 Be reaction cross section [3] , as well as the 3 He(d, p) 4 He reaction cross section [4] . Noble gases, such as Ar and Xe [5, 6] implanted into metals were also used as targets. Indeed, noble gasses are known to form stable structures composed of bubbles with radii of approximately 100 nm when implanted into metals.
An implanted target suffers from a low number density, approximately a factor of 10 below targets commonly used in reaction studies in nuclear astrophysics, but has many advantages over a gas cell, with the most significant advantage being a well-localized target with high energy resolution. For example, a 3 He implanted target with 5 × 10 17 atoms/cm 2 (just below the blistering limit) and a 1. 7 Be reaction and its associated astrophysical cross section factor (S 34 ) at modestly low energies of approximately E cm = 400 keV.
One area of concern with implanted targets is the stability of the implanted gas over time, especially when used in beams. Beam heating has been cited as a problem [3] . For example it was noted [3] that the helium content in the center of the target was depleted after bombardment with an intense (2-3 µA) 4 He beam even though the implanted target was water cooled.
In this study we used helium implanted into thin aluminum foils (approximately 100, 200 or 600 µg/cm 2 ) in order to minimize the beam heating. We tested these thin implanted targets before and after bombardment with moderately intense beams (approximately 100 pnA ) of 16 O and 4 He. We did not observe a depletion in the helium content even after a prolonged (as much as two day) bombardment. The helium content and profile measured using back scattering of 1.0 MeV proton beams were observed to be very stable.
II. TARGET PREPARATION
The targets were prepared both at the Institute of Material Science at the University of Connecticut (UConn) using a Varian CF-3000 Ion Implanter and at the 80 KV low energy (polarized ion source) facility of the Triangle University Nuclear Lab (TUNL) at Duke University. The implanter used at UConn employed a commercial dose processor and uniformity monitor to evenly distribute a precise amount of the desired ion in the target material. The TUNL implantation was performed using a beam raster in both the vertical (0. The range and straggle of the implanted ions were estimated using the code SRIM [7] . For the UConn 4 He implantation, an energy of 100 keV was chosen (which also corresponds to the lowest energy available from that implanter [8, 9, 10, 11, 12, 13] . The implantation fluence was measured by integrating the implanted beam. However problems with the suppression of secondary electrons prohibited us from measuring the total fluence with high accuracy.
In the implantation performed at UConn, we confirmed that the implanted helium did not remain in the aluminum foil when the areal density exceeded the blistering limit. In an attempt to increase the helium content in the foils, we prepared targets with two layers of 4 He. This was done by two distinct methods. In the first method, a layer was implanted using an implantation energy of 160 keV followed by a second layer at 100 keV. In the second method, a layer was implanted at 100 keV and then the target was flipped so that the second layer at 160 keV was implanted from the opposite side. Although the areal density for each layer was below the blistering limit, the total for both layers exceeded the blistering limit value of 6 × 10 17 ions/cm 2 . Spectra from a test of these two-layer targets showed low statistics and very broad 4 He peaks, indicating a low distributed helium ion content in the foils. This was attributed to the probability that the layers did not remain distinct, and together exceeded the blistering limit for 4 He in Al. During the TUNL implantation, we also produced one target with half of the dose implanted from one side of the foil and the second dose from the back side. The results obtained with this target are discussed below.
III. TARGET TESTS AND RESULTS
Several tests of the implanted targets were performed using Rutherford Back Scattering 
Note that neglecting to consider the Jacobian = dΩcm dΩ Lab (Θ) for p + He scattering (of the order of 0.5) led to the wrong conclusion that only 50% of the implanted helium dose is retained in the target [14] . to observe two distinct peaks as shown in Fig. 6 . The doubly implanted target was exposed over two days to 4 He beams having an average intensity of 80 particle nA . This two layered and all the single layered targets (that were not exposed to beams) were tested by scattering
MeV proton beams into a detector placed at 163
• . The obtained spectra are shown in We first note that the SRIM calculations [7] Fig. 6 we observe two distinct peaks from the scattering of 1.0 MeV which is at odd with the SRIM prediction. These two low energy peaks were fitted resulting two Gaussians separated by 40
keV, corresponding to two 3 He layers separated by 45 µg/cm 2 (note that at backward angles the energy loss is doubled), which is smaller than the separation predicted by the NS and the NIST tabulations. The FWHM of the second narrow peak (Fig. 6b ) and the narrow peak of the single layer target (Fig. 6a ) of 27 keV correspond to 31 µg/cm 2 of 27 Al and is, in fact, consistent with SRIM prediction for the straggle of helium in aluminum.
It is also worth noting that the first peak at low energy is broader (46 keV) than the second one (27 keV). Since the first peak corresponds to the first implantation from the front, we conclude that the second implantation caused the broadening of the first implanted layer.
While the first peak is broadened, the layer still contains the same amount of 
IV. CONCLUSION
We prepared 3, 4 He targets by implanting low energy helium beams into thin aluminum foils and tested them using (mostly Rutherford) Back-Scattering of low energy proton and oxygen beams before, during and after bombardment with modestly intense beams of 4 He and 16 O.
We measured the helium profile and content Using (mostly Rutherford) Back-Scattering and demonstrated that these targets are robust against bombardment by modestly intense beams. No degradation in the helium profile or content was observed after a prolonged bombardment with moderately intense beams. Such targets can be very useful for certain studies with modestly intense beams, including a measurement of the 3 He(α, γ) 7 Be reaction at energies as low as E cm = 400 keV. 
